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TECHNICAL NOTE 2795

EFFECTS OF WING SWEEP ON THE UPWASH
AT THE PROPELLER PLANES OF
MULTIENGINE AIRPLANES

By Vernon L. Rogallo

SUMMARY

An snalysis has been made to give a qualitative picture of the
effects of wing sweep on the upwash at the propeller planes of muiti-
engine airplanes. The method used in this analysis i1s, in general, the
same as that given in NACA TN 2528, 1951, with the necessary extensions
as suggested therein. To provide a basis for Jjudging the effects of
sweep, the method was gpplied to two hypothetical airplanes of the high-
speed long-range type, one having an unswept wing and the other a swept-
back wing. Included as a part of the report are charts which facilitate
the prediction of upwash in the chord-plane region sheasd of wings of
various plan forms.

Comparisons of the upwash characteristics of two wings, one unswept -
and the other swept back 40°, indicated that the effects of wing sweep
on wing upwash at the selected propeller locations were quite large.
The average level of the upwash wes considerably higher for the case of
the swept wing. In addition to the higher level of upwash, the upwash
distribution was more asymmetrical. With the wing swept, the upwash at
the inboard side of a propeller disk was found to be =pproximstely
100 percent greater than at the outboard side, whereas with the unswept
wing the difference was 10 percent or less.

When considering the complete airplane, nacelle-sxis inclination
was found to be a powerful factor in the reduction of the over-all upflow
angles at the propeller disks (the angles of local flow with respect to
the nacelle axis resulting from wing upwash, upwash of bodies, and geo-
metric angle of nacelle axis). With the nacelles inclined, it was found
that the upflow angles were only slightly greater in magnitude for the
alrplane having the swept wing than for the ailrplane hsving the unswept
wing, indicating that first-order execitation would be little greater
than in the case of the airplane with the unswept wing. The asymmetry
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of the upflow distribution in the cage of the airplane having the swept
wing was quite pronounced, particularly at the outboard nacelle location,
indlcating that the propellers would be suhJjected to higher~-order exci—
tatlions.

INTRODUCTION

A knowledge of the upwash angles at propeller planes ls required A
for accurate predictlions of propeller vibratory stresses. Reference-1
presents an approximate method, substentiated by comparison with experi-
mental data, for predicting upwash at propeller planes of multiengine
airplanes with unswept wings. Reference 1 also suggests a logical exten-
sion of the method to include the effects of wing sweep. In view of
current interest in propeller-driven eirplanes having swept-back wings
and due to a total lack of experimental date concerning the upwash of
such wings, it was considered vElusble to apply the method of reference 1
quantitatively to shed some light on the effect of wing sweep on upwash.

In order to provide a basis for judging the effects of sweep, the
method of reference 1 was applied directly to two ailrplanes comparesble
in purpose, one having an unswept wing and the other a swept-back wing.
The gnalysis is intended to 1llustrate primarily the effects of sweep
with no attempt to include a comprehensive survey of airplanes having
swept wings.

NOTATION o
A total upflow angle; angle between the nacelle axis and the
direction of the local flowl (o + e +7), degrees
ayn coefficlent dependent on wing geometry and indicating the

influence of symmetric loading et span station n on ‘the
upwash angle at the span station Vv

b span of the wing measured perpendicular to the vertical plane
of symmetry, feet
c local chord of the wing,® feet———  — - e e
c aversa, chord?t { 2 : -
av ge or E 3 feet B -

1Mbasured in a plane parallel to the model vertical plane of symmetry.
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section lif?)

section 1ift coefficient <' ac

11ft coefficient <’°L’°§~;S_liﬁ>

lift-curve slope, per degree
spanwise loading coefficient

dimensionlegs circulation <3§} , ildentical to the load coef-
Cyc
ficient KEZ >

at span station n
body length, feet
Pree-stream Mach number

an integer defining a spanwise station on the wing quarter-
chord line for which the value of circulation is defined

free-stream dynamic pressure, pounds per square foot

wing area, square feet
free-stream velocity, feet per second

induced velocity normal to the lifting surface, positive for
upwash, feet per second

fraction of propeller disk radius
spanwise station, feet

wing angle of attack,l degrees

compressibility parameter [ /(l-Ma)J

circulatlon, square feet per second

nacelle-longlitudinal-axis inclination as measured from the
local chord (negative below wing-chord line), degrees

angle of upwashl messured from the free-sitream direction, degrees

15ee footnote 1, page 2.
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7 dimensionless lateral coordinate <:E§§

Kav average of the ratios of the experjimental section lift=curve
slope to the theoretical value EE, all gt the same Mach
number B

A sweep angle of the wing quarter-chord line, postive for sweep-
back, degrees

AB sweep perameter which includes the effects of compressibllity

l tan™t tanA_, degrees
tip chord

A wing taper ratio root‘chord)

v an integer defining a specific point within the wing plen form
for which the boundary condlition of no flow through the wing
1s applied

T longitudinal coordinate, distance ahead of wing guarter-chord

line,l semigpans

SCOPE ' ' )

Alrplane Configurations

Two hypothetical airplanes of the high-speed long-range type are
used in the analysis. 8Since the analysis 1is intended to illustrate pri-
marily the effects of wing sweep, the basic geometric perameters of the
two airplane configurations have been made identical, insofar as possible,
except for the wing angles of sweep and inclination of the nacelle longi-
tudinal axis (the nacelle longitudinal axis and the propeller thrust axis
are sssumed coincident). The wing sweep angles are 0° and 40° as measured
at the wing quarter-chord line. The principal dimensions of the air-
planes, as well as the diameter and location of-the propeller disks
relative to the components of the airplanes, are shown in figure 1. Coor-
dinates for the fuselage and necelles are given in figure 2.

Flight Conditions

The Pflight conditions to be investigated in the analysls were chosen
to give probable extremes in propeller-blade aerodynamic exciting forces.

1 .
See footnote 1, page 2,

[N
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& These conditions are:

1. Initial climb, flaps retracted, high gross weight, Mach num-
< ber 0.33, sea-level altitude, C1, = 0.75

2. High speed, minimum gross welght, Mach number 0.9, 40, 000~foot
altitude, C; = 0.27

Bases for Comparison

Comparisons of the upflow characteristics associated with the two
airplane configurations will be made on the following bases:

1. Each nacelle longitudinal axis alined with the wing chord plane

2. Each nacelle longitudinal axis inclined with respect to the
wing chord plane to produce equal propeller-blade aerodynamic
excitation levels for high- and low-speed flight conditions

METHOD

General Procedures

The method used in this analysis is, in general, the same as that
given in reference 1 with the necessary extensions as suggested therein.
The upwash contribution of the fuselage and the upwash contributions of
the nacelles were computed exactly as In referehnce 12 The wing upwash
contribution is computed by & prodecure differing from that given in
reference 1 and hence the procedure used will be considered in detaill.
The summation procedure used to obtain the induced upwash of the complete
airplanes is identical to the procedure given in reference 1.

LY

Wing-Induced Upwash Angles

Span loading.- In order to determine the wing upwash angles, a
knowledge of the wing span load distribution is regquired. It was found
in the investigation reported in reference 1 that in the case of an air-
plane having an unswept wing the span load distribution for the wing
alone could be used to calculate the upwash for the complete airplane.

- 2The resulting values of upwash for these bodies are strictly appli-
cable only to the incompressible case. However, for the flight speeds
and attitudes considered herein the effects of compressibility are
negligible.

ta,
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In order to check the adequacy of using such a procédure in the case of .
an eirplane having s swept wing, the upwash was computed using available
measured span load distributions for a semispan model of a 35° swept-back
wing with and without a nacelle. The spanwlse load distributions and the
celculated upwash distributions are shown in figure-3. The large differ-
ences in the wing-alone and wing-nacelle span losdings produced a negli-
gible change in upwash. Therefore, wing-alone span load distributions
were used for the two airplane configurations of this report; the dis- _
tributions were determined by the method of referente 2.

Wk

1%

Wing upwasgh.- The method of reference 3 for cdamiputing wing downwash
hes been extended by DeYoung to enable upwash com@utations. The extended
method (described in mppendix A of this report) consists simply of the
use of new &, coefficients applicable to the region ahead of the wing
in place of those given in reference 3 for the region behind the wing.
The new coefficients, which are applicable to wings of various plan
forms, have been computed and are given in appendix A of this report. ) ;
The Prandtl-Glauert—rule has been applied t6 account for the effects of’ ' o
compressibility. Although this report is not specifically directed
toward providing a complete method herein, these coafficlents do supply .-
8ll that 1s needed, aside from already published work to predict upwash =
in the chord-plane region ahead of a wing: . T

.'L;w: ' : El'—. 1

I I

Totel Upflow at Propeller Disk ' .-

Since the oscillating air load is directly depéndent upon total
upflow angles, A, for a given airplane flight condition (reference i), ¢
the magnitude and distribution of the angles provide a rational basis
by which to compare the severity of propelier oscillating air loads,. .
" The total upflow angle depends not only on the induced upwash of all the
alrplane components at the propeller plane but alsc on the geometric
attitude of the nacelle. It is therefore necessary that the angle of .
zero 1ift apnd lift-curve slope for the wing-nacelle-fuselage combination
be known. These date may be elther estimated or obtained from model
tests. For this analysis the angle of zera 1lift was estimated from
tests of similar models. The lift-curve slopes were computed by the
method given in reference 2.

RN SERE

Aerodynamic Exciting Parameter -~ : ' .o T

It has been shown in reference k4 that propeller-blade exciting forces
are a function of the product of the upflow angle and the airplane dynamic -
pressure of flight (i.e., the exciting parameter Aq). Since the totel -
upflow angle includes the geometric attitude of the nacelle, the magnitude -
of the exciting parameter can be controlled by suitable nacelle inclina- A
tion. A compromise macelle inclination can be found so that the magnitude
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of the blade exciting forces at the low-speed condition will be equal
to the magnlitude of the blade excitation forces at the high-speed con-
dition. The procedure used to determine the necessary nacelle inclina-
tion is given in appendix B. of this report.

RESULTS AND DISCUSSION

The results of the analysis, the examination of which is primarily
directed at reaching an understanding of the likely effects of wing
sweep on propeller aerodynamic excltation, will be presented in the
following manner. The effects of wing sweep on wing upwash in the
absence of bodies will be presented first. The total upflow angles
obtained by combining the upwash contributions of the components of
each airplane with the wing geometric angle of attack (nacelle axes
noninclined) will then be presented. The remainder of the report will
consider specific cases wherein the nacelle angles of inclination have
been adjusted to give equal serodynamic excitations at the low- and high-
speed flight conditions for each airplane. The upflow characteristics
for the airplanes and the upwash contributions.of the components will
be examined in detail.

Wing Upwash

Although the effects of compressibility have been included in all of
the results, they are of small magnitude for the low-speed flight con-
dition. Hence, the discussion of compressibility effects will be
deferred to the discussion of the results on the high-speed flight
condition. :

Low-speed flight condition.- The spanwise distribution of upwash
at constant distances ahead of the wing quarter-chord line for the swept
and unswept wings is shown in figure 4. The so0lid lines indicate the -
upwash at constant values of T/B and, in.the case of the swept wing,
represent lines that are also swept 40°. The upwash distribution is
greatly affected by wing sweep. It may be noted that, in the case of
the swept wing (fig. 4(a)), the upwash drops markedly toward the wing
root for constant values of +T/B; whereas for the unswept wing (fig. 4(b)),
the upwash Ilncreases toward the wing root. The difference in the upwash
distributions of the two wings is due mainly to the difference in the
sweep angles of the bound. vortex.®

3As a result of sweeping the bound vortex, the left wing panel induces
negative upwash ahead of the right wing penel and vice versa. This.
interference is most pronounced near the wing root. The greater upwash
near the wing tips is due to a reduction in the interference effects
of the trailing vortices.
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In the case of the unswept wing, the propeller planes are parallel
to the wing quarter-chord line; hence, the upwash distributions along
constant values of .T/B are indicative of the wing upwash across the
propeller planes. In the case of the swept wing, this correspondence
does not exist because the propeller planes are not parallel to the-
wing chord line and therefore the-value of T/B varies across the pro-
peller planes. The dashed lines of figure 4—indicate the wing upwash
at the propeller .disks.

It may be noted that in the case of the swept wing, the level of
-the upwash is greater at ‘the outboard than at the inboard propeller
disk; whereas in the case of the unswept wing, the level of the upwash
is nearly the same at both propeller disks. This difference is due to
the greater spanwise variation of upwash for the swept-wing. The level
of upwash is indicative of the magnitude of the first-order aerodynemic
excitation. Hence, the excitation at the outbosrd nacelle in the-case
of the swept wing would be anticipated to be greater than for the case
of the unswept wing. From further observation of figure 4k, it may be
seen thatin the case of the swept wing the upwash is approximately
100 percent greater at the inboard sides of the propeller disks than at
the outboard sides; whereas 1n the case of the unswept—wing, the upwash
is essentially constant.” The asymmetry of the upwash is typical for
swept-wings and results from the fact that—the values of T/B for the
inboard side of each disk are considerably less than those for the out-
board side. The asymmetry of the upwash across the propeller disk is
indicative of higher-order aerodynamic excitations (second-order and
sbove). The higher-order excitations will be greater in magnitude for
the case of the swept—wing than for the unswept—wing.

Cross plots of figure Ut have been prepared to show the upwash vari-
ation forward of thé wings at constant spanwise stations. These data
are presented in figure 5. The rate of change of upwash with distance
shead of-the wing is nearly the same for the two wings at the inboard
nacelle and not greatly different at the outboard nacelle.

High-speed flight condition.- The spenwise .distributions of upwash
for the two wings at the high-speed filight condition are shown in fig-
ure 6. In the case of the unswept wing, the spanwise distribution of
upwash for a given .value of 'T/B is the same as that—for the low-speed
condition but is repeated here for convenience of comparison. The span-
wise distributions of upwesh for the two wings are greatly different.

In the case of the swept -wing, with the exception of the inboard portion

of the wing, the upwash for a given value of T/Q is approximately
100 percent greater in magnitude than that—for the unswept wing

The dashed curves of-figure 6 provide an indication of the effects

of wing sweep on the upwash at the selected propeller disks. The effects

of sweep on wing upwash at the propeller planes dre essentially the same

at the high-speed condition ‘as those shown for the low-speed flight con-

dition (fig. 4).

T
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Compressibility effects on wing upwash.- Comparison of figures 4(a)
(low speed) and 6(a) (high speed) indicates that, for the swept wing,
there are large differences in the spanwise distributions of upwash for
&, given T/B. Since the upwash distributlon is directly dependent upon
the span loading and the effective wing sweep, an explanation for the
differences in upwash can be obtained by investigating the effects of
compressibility on these factors.

The effects of compressibility on the span loading of the wing are
presented in figure 7. For the Mach numbers considered the span-loading
changes are gquite small for both wings. This small difference in span
loading 1s insignificant in terms of upwash.

Since the effects of compressibility on the span loadings were
negligible, the dissimilarity in the upwash of Pigures U(a) and 6(a)
must result from changes in the effectlve sweep angle. As the Mach
number is increased from 0.33 to 0.90, the effective sweep angle of the
wing, Ag, changes from 41-1/2° to 62-1/2°. 1In the case of the unswept
wing, there is no difference in the upwash distribution for a glven
value of T/B for the low~ and high~speed conditions since the sweep
parameter 'AB is equal to zero for both flight conditions.

The effects of compressibility on the upwash across the selected
propeller disks are shown in figure 8. It may be noted that the upwesh
for a given 1ift coefficient has been considerably reduced at the high-
speed condition. The reduction in upwash at the propeller disks with
increase in Mach number results from the increased values of T/B, shown
in figure 9. However, in the case of the swept wing, the large increase
in upwash for given values of T/B (see figs. 4(a) and 6(a)) offsets to
some extent the effects of increasing T/B. -

The veriation in the upwash as a function of Mach number is shown
in figure 10 for a specific geometric location ahead of the respectlve
wing quarter-chord lines. The megnitude of the upwash is shown to be
greater for the swept wing. The rate of change of the upwash with Mach
number is not greatly different for the two wings.

Total Upflow Ffor the Airplanes

Nacelles nonlnclined.- The total upflow angles for the two air-
plane configurations are shown in figure 11 for both low- and high-speed
flight conditions with the necelles noninclined with respect to the local
wing-chord line. The upflow angles for the configuration having the
swept wing are greater for all cases. Noticeable asymmetry across the
propeller disk, particularly for the low-speed case, is shown for the
swept wing, the upflow angles being greater at the inboard side of the
nacelles. In the case of the unswept wing the upwash angles on dlamet-
rically opposite sides of the propeller disk are more nearly equal.




10 NACA TN 2795

The total upflow angle includes the geomeitric angle of attack of
the wings; hence, part of the difference in the level of the upflow
angles shown for the two alrplanes can be attributed to a difference in
the lift-curve slope. Flgure 12 shows the lift-curve slopes for the
two wings as functions of Mach number. The lift-curve slope is greater
for the unswept wing by approximately 27T percent for the low-speed con-
dition and 63 percent for the high-speed condition. ~Hence, for the
same 1lift coefficient the swept-wing ailrplane wing angle of attack is
higher and the difference in wing angles of attack between the low-speed
and high-speed conditions i1s greater than for the airplane with the
unswept wing. ' ‘

Nacelles inclined.- Figure 13 shows the total upflow angles and
the required nacelle inclinations for the case of nedrly equal sero-
dynamic excltation at low and high speeds. As & result of inclining
the nacelles, the upflow angles for the low-speed case have been reduced
by approximetely 50 percent for both airplanes. It may be noted that—
the absolute values of the upflow angles for the high-speed case are
greater in magnitude than when the nacelles were uninclined. Comparison

of the upflow angles for the two airplanes shows the configuration having

the swept wing to have somewhat greater upflow angles. The asymmetry
across the propeller disks is characteristic of the swept-wing case and,
as 1is evident from figure 13, is most pronounced at low speed. It is of
interest to note that the nacelles on the configuration having the swept
wing required more inclination than those of the unswept-wing case.

Upwash Contribution of the Airplane Components,
Nacelles Inclined -

The -component parts of the total upwash angles as well as the total
upwash angles for the girplanes with nacelles lnclined are shown in
figures 14 and 15 for the low- and high-speed flight conditions. Only
the case of the airplanes with inclined nacelles is considered since it
is felt that this provides a more rational basis by which to compare the
two airplanes. ¢ .

It may be noted in figures 1li(a) and 14(b) that for both ailrplanes
the wing contributes the principal part of the upwash at the low-speed
condition. The wing upwash is higher for the case of the swept-wing
alrplane, particularly at the outboard propeller plane. The fuselage
contribution for the case of the swept=wing airplane is approximately
50 percent greater than that for the case of the unswyept-wing airplsne.
This differéence 1s due to a greater effective angle of attack of the
fuselage of the swept-wing airplane, resulting from a greater geometric
angle of attack and greater wing-induced upwash. It may also be noted
in figure 1k4(a) that in the case of the swept=wing airplane the inboard

nacelle contributes upwash at the outboard propeller plane, whereas for
the case of the unswept-wing airplane (fig. 14%(b) such inboard nacelle

¥

Q0
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effects are negligible. The upwash contributions of the inboard and
outboard nacelles at thelr respective propeller disks are nearly egual
in magnitude for both airplanes.

The summation of the upwash induced by the components is shown in
figures 14(a) and 14(b) for the two airplanes at the low-speed flight
condition. The interference effects of the bodles contribute to the
asymmetry of the upwash across the propeller disks, in particular at the
inboard propeller location of the swept-wing airplane (fig. 1hi(a)). A
comparison of the total upwash angles, €, of figure 14 with the total
upflow angles, A, of figure 13 indicates the upwash to be a high per-
centage of the total upflow.

In the case of the high-speed flight condition (fig. 15), the
upwash contributions of the components are considerably reduced from
those shown for the low-speed flight condition (fig. 13). The fuselage
contribution of upwash has become nil for the swept-wing case and is of
little significance in the case of the unswept wing. The average level
of the wing upwash is greater in the case of the swept wing than that
for the case of the unswept wing. As a result of nacelle inclination
the nacelle effective angle of attack is negative in sense and hence the
nacelle produces negative upwash.

Comparison of the total upwash angles, €, of figure 15 with the
total upflow angles, A, of figure 13 indicates the geometric angle of
attack of the nacelle to be the predominant factor in the upflow angle
at the high-speed flight condition. _

Aerodynamic Exciting Parameter,
Nacelles Inclined

Figure 16 shows the values of the aerodynamic exciting parameter
Ag, which are indicative of the csclllating air loads. Note that for =a
given nacelle and airplane configuration the average values of the aero-
dynamic exeiting factor, Agq, are very nearly equal in absolute magnitude
for the high- ahd low-speed flight conditions. This balance in the
exciting parameter was the requirement previously made in order to deter-
mine the nacelle angle of inclination. The principal effect of wing
sweep is to increase the aerocdynamic exciltation at the inboard side of
the propeller disk at the low-speed condition. For the case of the
swept-wing airplane, the greater magnitudes of the exciting parameter
shown for both flight conditions indicate that the first-order excitation
will be greater than for the case of the unswept-wing airplane. The
asymmetry of the distribution of the exciting parameter indicates the
posslibility of increased magnitudes.- of the higher-order components of
the osclllating air load..
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CONCLUDING REMARKS

Comparisons of the upwash characteristies of the unswept and the
40O swept-back wings indicated that the effects of wing sweep on the
spanwlse distribution of upwash were appreclable. The magnitude of the
upwash in the case of the swept wing was shown to decrease toward the
wing root for constant values of T?B while, in contrast, in the case
of the unswept wing the upwash decreased toward the wing tip. The aver-
age level of the upwash for constant values of T/B was higher for the
case of the swept wing. .

Comparisons of the upwash characteristics of the two wings at the
selected propeller planes indicated that the effects of wing sweep on
wing upwash in these regions were quite large. The average level of—
the upwash was considerably higher for the case of the outboard nacelle
of the swept wing. In addition to the higher level of upwash, the upwash
distribution was more asymmetrical. With the wing swept, the upwash at-
the inboard side of & propeller disk was found to be approximately
100 percent greater than at the outboard side; whereas, with the unswept
wing, the difference was 10 percent or less.

When considering the complete airplsne, nacelle-axis inclination
was found to be a powerful factor in the reduction of the over-all upflow
angles at the propeller disks (the angles of local flow with respect tu
the nacelle axis resulting from wing upwash, upwash of bodles, and geo-
metric angle of nacelle axis). With the nacelles inclined, it was found
that the upflow angles were only slightly greater in magnitude-for the
eirplane having the swept wing than for the airplane having the unswept—
wing, indieating that flrst-order excitation would be little greater than
in the case of the airplane with the unswept wing. The asymmetry of the
upflow distribution in the case of the airplane having the swept wing was
gulite pronounced indicating that the propellers would be subJjected to
higher-~order excitetions.

Ames Aerconautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., July 17, 1952

”
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APPENDIX A

PREDICTION OF UPWASH OF ARBITRARY WINGS

Reference 3 indicates that if the symmetrical loading distribution
is known, from computations or measurements, the values of the ay,
coefficients given in reference 3 can be uged to find corresponding
values of the downwash. The same basic equations given in reference 3
are applicable to the computation of upwash, but new values of the &yn
coefficients must be used.

The upwash can be found at specific points in the chord-plane region
between the wing tips and ahead of the wing leading edge. The general
expression for the upwash is given as

(3), = L

/B Ty n=1
wvhere the a4, coefficients are obtained from figure 17. The specific
station at which the upwash may be found corresponds to v =1, 2, 3, L,
or 14 = cos (vn/8) = 0.924, 0.707, 0.383, and 0, respectively. For
convenience, the preceding equation is rewritten so that the upwash angle
and loading distribution are in terme of unit lift coefficient. Thus,

Cie
T/Bsny [ Eav } Z o <CL°3V>

vhere the quantity bZ®/S is the wing aspect ratio and Cic/Creay 1is
the span loading coefficlent. Both ay, and Cyc/Crcgay are affected by
compressibility, since they have been determined as functions of the

.2 S)

Kav

()

BCL/kav

parameters and.AB.
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APPENDIX B . - : o

)

METHOD FOR COMPUTING NACELLE-AXTS INCLINATION FOR o

MINIMUM AERODYNAMIC EXCITING LEVELS : S as

There exists a nacelle inclination such that.the magnitude of-the
blade exciting forces at the low-speed condition will be equal to the
magnitude of the blade excitation forces at the high-speed conditilon.
This relation may be analytically expressed by usé’ of the aerodynamic
exclting parameter as .-

where : - B B — . -
Arar, exciting perameter at low speed . . o
Agap exciting parameter at high speed T - ] =

The upflow angles at the horizontal center line of a given propeller

disk are usually not—egual at all radiil, and hence expression (Bl) may
not be satisfied at all blade elements. However, since the aerodynamic
loading is a meximum over the-outer portion of a blade. and since the : -
loeding in this region is most important 1n terms of the serodynamic’ . '
bending moment, an average value of the upwush at diemetrically opposite o
gides of the disk in the. vicinity of-the 0.7 radius station is used to B

satisfy expression (Bl).

- . * -

The total upflow anéle— A as measured at the horizontal center . -
line of the propeller disk may be expressed as - . '

A= oy + (fw*en*€b> + 7 (B2) R

where T . o . .. L= ; . . — L

Oy geometric angle of attack of the wing
wing-induced upwash at oy

€ nacelle-induced upweash _ " . _ -
€5 upwash of adjacent body ' : Ce

7 geometric angle of nacelle axis relative to wing chord. . -
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wing chord line

nacelle axis
////r direction of free-stream

velocity

1 \\\
direction of local relative
veloecity

By substituting the appropriate expressions for Ar, and Ay 1in
equation (Bl)

fwvon s @, Goo) o] o
fares @, (o) rge ] o9

'

r

where the bar denotes the average of the upwash angles at the 0.7 radius
station on diametrically opposite sides of the disk, ¢ represents the
upwash at the propeller disk center which is equal to (ayte€y+ep), and
(e/o:)n represents the nacelle-upwash constant at the 0.7 radius station
obtained from reference 1. Collecting terms and solving for 7, the
expression may be written as

- - € = = €
[G'WL + €wp + €bp + (a)n qJL]qL +[me + €y + €by +<E>n q’H] g

CREERON

) Thus the nacelle axis inclination is found.

(Bk4)

)
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Note: All dimensions are in feet.

Wing area 2,000.0 ft*
Span 14/.4 ft
Aspect ratio 100
Taper ratio 0.4 —-[&_iel-—
Sweep of /g chord 40.0° or 0°
Ineidence 3.0°
Propeller diameter /4.0 rt
1280 Nacelle-axis inclination, y
Inboard -6.8°

Outboard ~74°

70.70
35.35
17.68 l
2z 7 /, *
k-20.20-]
40.00 —+
- 125.00
(a) Configuration with swept-back wing.
—-[eoe}-—-
Nacelle-axis inclination, y
Inboard -58.7°
' Outboard -4.7°
7070
_f 3535
—20.20~
60.00 —————
125.00

W

Figure [.- Geometric characteristics of the fwo airplane
configurations analyzed.

(b) Configuration with unswept wing.
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Figure 2.- Geomeiric characteristics of the fuselage and nacelfe.
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Figure 3.— Comparisons of measured spanwise load distributions for
a wing alone and wing -nacelle combination and the resultant
computed upwash distributions ot a distance of one chord ahead
of the wing leading edge. Mach number, 0.18 ; lift coefficient, 0.32.
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chord ahead of wing leading edge at nacelle
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(b) Unswepl! wing .
Figure 4.— The spanwise distribution of upwash at constant distances

ahead of the wing quarter -chord line for an unswepl and a
swept-back wing. Mach number, 0.33 .
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Longitudinal parameter, ﬂ-r—, semispans “~FAA~

(b) Inboard nacelle center line. (y =0.25).

Figure 5.—The variation of upwash as a function of distance ahead
of the wing quarter-chord line measured in a streamwise
direction. Mach number, 0.33 .
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Figure 6—The spanwise distribution of upwash at constant distances
ahead of the wing quarter-chord line for an unswept and a
swepl ~-back wing. Mach number, 0.90 .
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(a) Swept-back wing. 4, 40°.
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(b) Unswept! wing.

Figure 7.- A comparison of the effect of Mach number on the spanwise
- loading coefficient for an unswept and a swept-back wing .
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Figure 8—The effect of compressibility on the
distribution of upwash at the selected propeller
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Figure 9.— The effect of compressibility on the
longitudinal parameter, r/ﬂ, at the selected
propéller disks for the low and high-speed
flight conditions.
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Figure /l—The distribution of the fotal upflow angle at the horizontal
center lines of the propeller disks of the two hypothetical
airplanes. Nacelle-axis inclination, (y), O°.
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Figure 13— The distribution of the fofal upflow angle at the horizontal
center lines of the propeller disks of the two hypothetical
airplanes with the nacelles inclined.
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Figure 14-The disfribution of the angle of upwash at the horizontal
center lines of the propeller disks of the two hypothetical

airplanes. Mach number, 0.33; /ift coefficient, 0.75;
altitude, sea level.
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Figure /15— The distribution of the angle of upwash at the horizontal
center lines of the propeller disks of the two hypothetical
airplanes. Mach number, 0.90,; lift coefficient, O.27;
altitude, 40, 000 freet.
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Figure |16.— The aerodynamic exciting parameter distributions at the
horizontal center lines of the propeller disks of the two hypothetical
airplanes with the nacelles inclined .
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